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Project TENOR: Targeting Environmental 
Neuro-Oevelopmental Risks. The TENOR 
Consensus Statement 

Summary: Children in America ~are at an unooceptably hid'! risk 
of developing neurodevelopmental disorders that affect the brain and 
nervous ¥tern including autism, attention deficithypera:tMty di!Drder, 
intellectual disabilities, and other learning and behavioral disabilities. 
Thesare complex disorders with multiple causes--genetic, social, and 
environmental. Theontribution of toxic chemicals to these dis:>rde!s can 
be prewnted. approach: Leadings:ientifiCand medical experts, along 
with children's health acMlca1es, came~ in 2015 under the auspicEs 
of Project TEN DR: Targeting Environmental Neuro-Developmental 
Risl6 to issue a call to caion to redllle widespread expa;ures to chemicals 
that interfere with fetal and children's brain development. Based on the 
availables:ientificeviden!E, the TENOR authors have identifiedprirne 
exanples of toxic chemicals and pollutan1s that increase children's risks 
for neuroclewlopmental disorders. Thesinclude chemicals that are used 
extensM!Iy in oonsumer producls and that have bsxme widespread in the 
environment Some are chemicals to which children and pregnant women 
are regularly expa!E!d, and thE¥ are detected in the bodies of virtually all 
Americans in national su~ condllrted ty the U.S. Centels for Disease 
Control and Preo.urtion. Thlrast majority of chemicals in indlStrial and 
consumer produc1s undergo alma;t no testing for developmental neuro
toxicity or other health efk1s. con c 1 uSi on: Based on these findings, VIe 

caert that the current ¥tern in the United Sta1es for evaluating s:ientifiC 
evidencE and making health-bai!ed ds:isions about environmental chemi
cals is fundamentally broken. To help redlllethe UlliDJI!Piably hid'J preva
leme of neu~opmen1al dis:>rde!s in our children, 111e must eliminate 
or significantlyreduoe expa;ures to chemicals that contribute to these 
conditions. We must adapt a new frclneM>rk for a&lSSing chemicals that 
have the potential to disrupt brain development and ~ the use of 
thale that may 1XJ!e a risk. Thi&onsensus state •lent (¥the foundation 
for Wleloping nmmrnendations to monitor, C&IE!!B, and redllleexpa;ures 
to neurotoxic chemicals. Thesaleasures are urgently needed if 111e are to 
prots:t healthy brain development m that current and Mure gi!lll!rations 
can rea:h their fullest potential. 

A Call to Action 
ThEfEN DR Conrensus Statarent is a call to cction to reduce expo -
sure:; to toxic dlemicals that can contribute to the preJalenre of neuro
developrrental dis:bilitiES in Arrerica'schildren. ThEfENDRauthors 
~rre that widESplffid exposure:; to toxic chemicals in our air, water, 
food, roil, and consumer products can incra:re the risks for cogniti've, 
behavioral, or social impairment, 26 well 26 specific neurodevelop
mental dirorders such 26 autiS11 and attention deficit hyperactivity 
disorder (ADHD) (Di Renzoetal. 2015; Goreetal. 2015; L.anph:Er 
2015; Council on Environmental Health 2011 ). This preventable 
threat re:sults from a failure of our industrial and consumer markets 
and re;:JUiatory systems to protect the developing brain from toxic 
chemicals. To lower children's risks for de'veloping neurodevelop
mental dirorders, policiES and cctionsare ur~tly rrede::l to eliminate 
or significantlyredure exposure:; to thEre dlemicals. Further, if we are 
to protect children, we must o\erhaul how go\ernment ~ncies and 
businE$ cm:ss risks to human health from dlemical exposure:;, how 
chemicals in commerce are regulated, and how scientific evidence 
informs decision making by go\ernment and the privates:ctor. 

Trends in Neurodevelopmental Disorders 
We are wit11E$ing an alarming incre::ee in learning and behavioral 
problems in children. Parents report that 1 in 6 children in the United 
StatES, 17% more than a ciErncleago, have a developrrental dis:bility, 
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including learning diS3bilities, ADHD, autiS11, and other develop
mental delays (Boyleet al. 2011 ). Ps of 2012, 1 in 10 (> 5.9 million) 
children in the United StatES are EStimated to have ADHD (Bloom 
et al. 2013). Ps of 2014, 1 in 68 children in the Unite::! StatES hcs an 
autiS11 ~trum disorder (ba:e::l on 2010 reporting data) (CDC 2014). 

Theconornic costs a:mciated with neurodeveloprrental disorders 
arest~ing. On~, it costs twice26 much in the United StatES 
to educate a child who hcsa la:ming or de\.eloprrental dis:bility 26 it 
costs for a child who dOES not (Chambersetal. 2004).A IErelltstudy in 
the Europ:an Union found that costsa:mciated with lest IQ points and 
intellEctual dis:bility arising from two catEgOriEs of dlemicals-polybro
minated diphenyl ether flarreretardants (PBDEs) and organopha;phate 
(OP) p:sticiciES---areEStimated at 155.44 billion eurcs ($169.43 billion 
dollars) annually (Bell~ et al. 2015). A 2009 analysis in tre United 
S1atES found that for every $1 ~t to redureexpcsure:; to IEa:l, a potent 
neurotoxicant,rociety\1\Quld benefit by$17-$221 (Gould 2009). 

Vulnerability of the Developing Brain to Chemicals 

Many toxic dlemicals can interfere with healthy brain de\.eloprrent, 
rome at extremely low le\.€1s of exposure (Adarnkie.rvicz: et al. 2011 ; 
Belli~r 2008; CommittEe on Improving Analysis Approcches Ured 
by the U.S. EPA 2009; Zceller et al. 2012). RES:Erch in the neuro
scienOES hcs identified "critical windows of vulnerability" during 
embryonic and fetal developrrent, infancy, Early childhood and a::loles
cence (Lanphear 2015; Lyall et al. 2014; Rice and Barone 2000). 
During thEre winda.~~S of developrrent, toxic dlemical exposure:; may 
cau::e lasting harm to tre brain that interfere:; with a child's ability to 
ra:d1 his or her full potential. 

The de'veloping fetus is continuously expcred to a mixture of 
environmental dlemicals (Mitro et al. 2015). A 2011 analysis of the 
U.S. Centers for Dis:a:e Control and Prevention's (CDC) biomoni
toring data found that 90% of pre;:Jnantwomen in the United StatES 
ha've detectable levels of 62 chemicals in their bodies, out of 163 
dlemicalsforwhich thewomenwerescrrened (Woodrufut al. 2011). 
Among the dlemicals found in the vest majority of pre;:Jnant women 
are PBDEs, polycyclic aromatic hydrocarbons (PAHS), phthalates, 
perfluorinated compounds, polychlorinated biphenyls (PCBs), 
perchlorate, la:d and mercury (Woodruffet al. 2011 ). Many of thEre 
dlemicals can crce; the pla:enta during pre;:Jnancy and are routinely 
detected in cord blood or other fetal tissues (ATSDR 2011; Brent 
2010; Chen etal. 2013; Lien etal. 2011 ). 

Prime Examples of Neurodevelopmentally Toxic 
Chemicals 
ThiDIIONing I ist providES prime examplES of toxic dlemicals that can 
contribute to learning, behatioral, or intellectual impairment, 26 well 
26 specificneurodevelopmental d irorders such 26 AD H D or autiS11 
spectrum dirorder: 

• Organophosphate (OP) pESticides (Eskenazi et al. 2007; 
Fortenberry et al. 2014; Furlong et al. 2014; Marks et al. 
2010; Rauh etal. 2006; Shelton etal. 2014). 

• PBDE flarneretardants (Chen et al. 2014; Cowell et al. 2015; 
Eskenazi etal. 2013; Herbstman etal. 2010). 

• Combustion-related air pollutants, which ~nerally include 
PAHs, nitrog:m dioxide and particulate matter, and other air 
pollutants for which nitr~ dioxideand particulate matter are 
markers (B:rerraet al. 2013; Cliffordet al. 2016; J:drychow:;ki 
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et al. 2015; Kalkbrenner et al. 2014; Suades-Gonzalez et al. 
2015; Volketal. 2013). 

• LEECI (Eubig et al. 2010; Lanphear et al. 2005; NEEdleman 
etal. 1979). 

• Mercury (Grandja:m et al. 1997; Karcy:set al. 2012; ~iv 
etal. 2012). 

• PCBs (Eubig et al. 2010; Jacobson and Jacobson 1996; 
S::hantzetal. 2003). 

ThEWnited StatES ha5 rEStricted rorre of the production, t.re and 
environrrental rela:B:s of th:re p:rticular chemicals, but there 11133SUIES 

ha.€ tended to be too I ittle and too late. We fcre a crisis from both 
leg:cyand ongoing exposurES to toxic chemicals. For la:d, OP p:sticides, 
PBDEsand air pollution, communitiES of color and socica:::onomically 
stre:re::l communitiES fcre disproportionately high exposurES and tmlth 
imp:ds(AdamkieNic:z:etal. 2011; E~l etal. 2015; Zotaetal. 2010). 

PoliciES to ban IEa:l from gcroline, paints and other products ha.€ 
b:en SU<X:l:ffiful in lo\1\ering blood la:d le..€1s in the Arrerican popula
tion (..bnES et al. 2009), yet la:d exposure continUES to be a pra.€11table 
ca.J::e of intellEctual impairrrent, AD H D and mal~ti've behatiors for 
millions of children (CDC 2015). Scientistscgrt:e that there is no S3fe 
le..€1 of IEa:l exposure for fetal or Early childhood c:Eo..€1oprrent (LanphEar 
et al. 2005; S::hnur and .bhn 2014), and studiEs ha.€ docurrented the 
potential for cumulati've and gynergistic tmlth effEctsfrom combined 
exposure to IEa:l and social stremrs (Belli~ et al. 1988; Cory-SlEchta 
et al. 2004). Thus, taking further pra.€11ti'vecctions is imperati've. 

Epidemiological, toxicological, and mechanistic studies have 
together provided evidence that clearly demonstrates or strongly 
sugge;tsneuroc:Eo..€1oprrentaltoxicityfor IEECI, rrercury, OP pESticidES, 
air pollution, PBDEs, and PCBs. The level and type of available 
evidence linking exposures to toxic chemicals with neurodevelop
rrental dirorders, including the examples in this statement, vary both 
within and among chemical cla:a:s. In light of thisextensi'veevidence 
and continued widESpread exposure, the risks for learning and devel
oprrental dirorders can likely be IONered through targeted exposure 
reduction, starting with the:eexarnple chemicals. 

Majority of Chemicals Untested for 
Neurodevelopmental Effects 
The examples of developrrental neurotoxic chemicals that we list 
here likely repre::ent the tip of the iceberg. Of the tens of thousands 
of chemicals on the U.S. Environrrental Protection Agency (EPA) 
chemical in'ventory, nearly 7,700 are manufactured or imported into 
the United States at~ 25,000 pounds per year (U.S. EPA 2012). The 
U.S. EPA ha5 identifiednearly 3,000 chemicals that are produced or 
imported at > 1 mi II ion pounds per year (U.S. EPA 2006). 

Only a minority of chemicals hcs bEen evaluated for neurotoxic 
effectsin adults. E\en fa'Ver have b:en evaluated for potential effects 
on brain developrrent in children (Grandjean and Landrigan 2006, 
2014). Further, toxicologicalstudiESand regulatoryevaluationreldom 
address combined effEctrof chemical mixturES, dESpite evidence that 
all peopleareexpaed to d02ensofchemicalsatanygi'ven tirre. 

Need for a New Approach to Evaluating Evidence 
Our failurES to protEct children from harm un<::Ers:ore the urg:nt n:e::l for 
a better apprca::h to c:e.eoping and cm:s:;ing s::ientifice.tid:nce and using 
it to make decisions. We cs a society should be able to take protEcti've 
cction \fv'l"en s::ientifice.tid:nce indicatES a dl:mical is of concern, and not 
\1\eit for Ura:Jui\AXal proofthatadl:mical is causing harm to our children. 

Evidence of neurodeveloprrental toxicity of any type--epidemio
logical or toxicological or mechanistic-by itrelf should constitute a 
signal sufficiento triwr prioritization and rome le..€1 of cction. Such 
an apprcafl would enable policy makers and regulators to proccti'vely 
test and identify chemicals that are errerging concerns for brain 
developrrent and pra.€11t widESpread human exposurES. 
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Sorre chemicals, like there that disrupt the endocrine system, 
prerent a concern because they interfere with the activity of 
endogenous hormone; that are e:rential for healthy brain develop
rrent. Endocrine-disrupting chemicals (EDCs) include many pESti
cides, flame retardants, fuels, and plcsticizers. One clcss of EDCs 
that is ubiquitous in consurrer products are the phthalates. The:e 
are an emerging concern for interference with brain developrrent 
and therefore demand attention (Boas et al. 2012; Ejaredar et al. 
2015; Mathieu-Denoncourtet al. 2015; Miodovniket al. 2014; U.S. 
Consurrer Product S:lfety Commission 2014 ). 

Regrettable Substitution 
Under our current system, when a toxic chemical or category of 
chemicals is fi nallyremo\ed from the market, chemical manufacturers 
often substitutesimi lar chemicals that may paesimi lar concerns or be 
virtually untested for toxicity. Thi~rcctice can rESUlt in "regrettable 
substitution" whereby the cycle of exposurES and ad'v'el'reeffectffitarts 
all o\eragain. The following list providESexarnplesofthiscycle: 

• When the federal governrrent banned some uses of OP 
pESticidES, manufacturers re;ponded by expanding the t.re of 
nEOnicoti noid and pyrethroid pESticidES. Evidence is errergi ng 
that the:e widely ured cla:a:s of pESticidES pae a thlffit to the 
developing brain (Kara et al. 2015; Richardson et al. 2015; 
Shelton et al. 2014). 

• When the U.S. Go\ernrrent reached a voluntary cgrt:errent 
with flarneretardant manufacturers to stop making PBDEs, the 
manufacturers substituted other hal~nated and organophcs
phate flame retardant chemicals. Many of the:e repla::errent 
flame retardants are similar in structure to other neurotoxic 
chemicals but ha.€ not undergonea:::lffjuate~nt of their 
effEcts on developing brains. 

• When the federal go\ernrrent banned rorre phthalate; in chi 1-
dren's products, the chemical industry re;ponded by replccing 
the oonned chemicals with structurally similar reN phthalatES. 
The:repla::errentsare now under inVEStigation for disrupting 
the endocrine sy.stem. 

Looking Forward 
Our sy.stem for evaluating scientificevidence and making decisions 
about environrrental chemicals is broken. We cannot continue to 
gamble with our children's health. We call for cction now to prevent 
exposures to chemicals and pollutants that can contribute to the 
prevalence of neurodeveloprrental diS3bilitiES in Arrerica'schildren. 

We nEEd to o\erhaul our apprcafl to developing and a:a::J$ing 
evidence on chemicals of concern for brain developrrent. Toward this 
end, we call on regulators to follow scientificguidance for cs::Effiing 
how chemicals affectbrain developrrent, such 26 taking into cccount 
the special vulnerabilitie;of the developing fetus and children, cumu
lative effects resulting from combined exposures to multiple toxic 
chemicals and strESSOrs, and the leek of a safety thrEShold for many of 
the:e chemicals (CommittEe on Improving Analysis ApproachES Ured 
by the U.S. EPA 2009). We call on businesxs to eliminate neuro
developrrental toxicants from their supply chains and products, and 
on health profESSionals to integrate knowledge about environmental 
toxicants into patient care and public health prcctice. 

Finally, we call on policy makers to take reriously the nEEd to 
reduce exposures of all children to IEECI-by cccelerating the clean 
up from our pest LreS of lead such 26 in paint and water pipe;, by 
halting the current LreS of IEECI, and by better regulating the industrial 
proa:s9:5 that cat.re reN IEa:l contamination. 

We are confidentthat reducing exposures to chemicals that can 
interfere with healthy brain development will help to lower the preva
lence of neurodeveloprrental dis:lbi I itiES, and thus enable many more 
children to reach their full potential. 
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